The embryos of certain teleost species are transparent and cell behaviour within the intact embryo can be observed and recorded using Nomarski microscopy coupled with time-lapse video recording or time-lapse cine filming. In this report we review some of our recent analyses of cell behaviour patterns underlying key morphogenetic events. (1) Contact-guided cell migration through a structurally ordered extracellular matrix during fin development; (2) movement of tissue layers during epibolic overgrowth; and (3) cell 'social' behaviour during the establishment of the body axis (i.e. notochord formation and somitogenesis).
INTRODUCTION
Cell 'behaviour', which we may define as changes in the parameters of cell shape, volume, adhesiveness, motility and contact relationship in response to intrinsic or extrinsic signals, is one of the chief driving forces of morphogenesis during embryonic development. Deviation from the normal spectrum of cell behaviour will, on the one hand, generate dysmorphogenesis and, on the other, phenotypic novelties at the organismic level, which may have phylogenetic, that is to say evolutionary, significance (Wessells, 1982) . T hu s, if we are to understand fully how an embryo is assembled and, furthermore, use such knowledge of the mechanisms of embryogen esis as a predictive tool in analysing evolutionary (morphological) change, then we m ust: (1) have a description of the phenomenology of cell behaviour; and (2) understand the molecular events generating and controlling that behaviour.
Ideally, one would study cells in situ, that is in their normal in vivo microenviron ment (see K eller & Hardin, this volum e). However, attaining that objective is usually thwarted by the natural opacity of many living tissues and the inability of current imaging techniques to overcome that obstacle with sufficient resolution. As a consequence, studies of cell behaviour have typically used cultured cells, mostly on artificial substrata but, more recently, as our knowledge of the composition of extracellular matrices (E C M ) has increased, on either isolated/purified matrix components or on naturally deposited ECM s (e.g. see Nakatsuji & Johnson, 1983;  * Author for correspondence.
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P. Thorogood and A. Wood Yallup et al. unpublished) . Other cell populations may be incorporated and the 'social' behaviour of cells assessed during homotypic and heterotypic cell encounters (e.g. see Abercrombie & Heaysman, 1976) . Such in vitro approaches have enormous scope and from them a great deal has been learnt about the fundamental aspects of cell surface character, the composition and deployment of the cytoskeleton, and the social behaviour of cells. However, attempts to reconstruct in vitro, the normal in vivo conditions of the cells, will necessarily be inadequate until we have a complete characterization of the cell environment and possess an ability to reconstruct it with fidelity.
An alternative strategy has been to explore and exploit those in vivo systems that have an inherent transparency. As a result the ideal of studying cells in their normal environment has been achieved for a limited range of tissue systems (reviewed by Trinkaus, 1984) . However, many of the published studies, whilst of great value, are purely descriptive, lack quantitative assessment and thus remain anecdotal. In addition, we contend that a properly quantified analysis of in vivo cell behaviour is a necessary prerequisite in seeking to explain the mechanisms of morphogenesis at the cellular or molecular level. It is in this context that we will discuss some of our recent work on teleost embryos which, in some species, are transparent or semi-transparent.
Using Nomarski differential interference contrast (D IC ) microscopy, cells within the interior of the teleost embryo can be visualized and their behaviour monitored using time-lapse video recording (T L V ) or cine filming (T L C ). T h ree aspects of development have been studied: namely, cell migration during fin formation, cell translocation during epiboly, and cell social behaviour during the formation of notochord and somites. One assumption running throughout this work is that it is necessary to know what cell behaviour patterns correlate with key morphogenetic events before experimentally perturbing the system with, for example, monovalent antibody fragments or catabolic enzymes to either inactivate or degrade EC M components. Consequently, much of what follows is an account of norm al development.
THE fin : a n i n v i v o c o n t a c t g u id a n c e system T h e pedigree of the embryonic teleost fin as an appropriate system for the study of in vivo cell movement was established many years ago by the early work of Ross
Harrison, who provided one of the first, and still one of the best, morphological accounts of fin development at the light-microscopic level (Harrison, 1895) . From that early work and from any contemporary account we can see that the paired fins of fish develop initially very like their tetrapod homologues, the limb buds. T h e fin bud grows out from the flank of the embryo as a mass of mesenchyme covered with an ectodermal layer that, around the distal margin of the bud, is thickened to form an 'apical ectodermal ridge'. However, development then diverges from the tetrapod limb bud, in that the ridge develops a prominent basal cleft along its anterio posterior axis, which transforms the ridge into a fin 'fold' ( Fig. 1 ; and see Wood, 1982) .
Internally, within the fin fold, lie two planar arrays of large diameter collagen fibrils or 'actinotrichia', deposited by the epithelium in a parallel arrangement and aligned proximo-distally (Fig. 2 ) ; the actinotrichia support the growing embryonic fin paddle (Fig. 1) . Into the space enclosed by the epithelial fin fold, and betw een the arrays of actinotrichia, migrate mesenchymal cells. These are of mixed origin, in that some are derived from somatopleure and others from somitic outgrowths (as in tetrapods); subsequently these cells will give rise to the connective tissues of the functional fin (fin rays, tendons, blood vessels, etc.). Clearly the manner in which this migration takes place is important because it positions the mesenchyme cells appropriately for the normal pattern of connective tissue differentiation.
Several years ago we discovered that the fin bud and the early fin paddle of a killifish, Aphyosemion scheeli, are transparent and that migration of the mesenchymal cells can be monitored, as it happens, within the intact fin. T h e developing fin can be excised together with the adjacent flank and maintained in a perfusion cham ber on a microscope stage. Nomarski D IC microscopy enables one to focus through the overlying ectoderm and onto the migrating cells themselves (Fig. 3) . Using a coupled T L V system, we have analysed migratory behaviour at three significant developmen tal stages: before, at the start of, and during migration (Wood & Thorogood, 1984) . During this period of time, cell morphology changes dramatically, from a stationary, rounded phenotype with one or two processes that have an equal likelihood of being aligned or non-aligned with respect to the proximo-distally oriented actinotrichia, to a motile phenotype with a large number (up to seven or eight) of filopodia, the majority of which are extended distalwards and aligned parallel to the actinotrichia (Fig. 3) . A number of behavioural parameters were analysed quantitatively and have been presented elsewhere; the chief conclusions are: (1) the majority of aligned processes were less than 2^im in diameter whereas the majority of non-aligned processes were greater than 2 Jum in diameter. (2) Aligned processes move faster (1 8^m h _1) than non-aligned processes (5^tm h_1) and the appearance of large numbers of aligned cell processes per cell is associated with the onset of cell migration. (3) Contact inhibition events occur both between cell processes (laterally) and with other cells (proximally) . Clearly, what we have described is a contact-guided migration 'driven' distalwards by proximal cell population density and consequent contact-inhibition events. But that simple conclusion leaves a number of issues unresolved. For example, are the oriented cell processes aligned on the actinotrichia or along the inter-actinotrichial areas? (that is to say, along the ridges or along the grooves?); in this respect the Nomarski image is equivocal because of limited resolution and the fact that one can only focus on one array of actinotrichia at any one time. Furthermore, whatever surface is used as a migration substratum, what is the nature of the contact sites whereby the cell gains tractional purchase?
In order to answer these points, an ultrastructural analysis has been carried out examining fin buds in longitudinal (i.e. vertically along the proxim o-distal axis) and transverse (i.e. vertically but along the anterio-posterior axis) planes, at a range of sectioning levels and at the same three 'significant' developmental stages (i.e. before, at the start of and during migration) (Wood & Thorogood, unpublished) . T h e ultrastructural relationship between the migrating cell and its environment is seen most clearly in transverse section at the proximo-distal level of distally extended filopodia of the marginal mesenchyme cells (Fig. 4) . Three clear-cut conclusions emerge: (1) aligned cell processes use actinotrichia as a migration substratum and the inter-actinotrichial/basal lamina is not used in this way. (2) No mesenchymal cell surface specializations were detectable at points of contact with actinotrichia. (3) No high-order cvtoskeletal organization was detectable in the migrating mesenchyme cells (determined from longitudinal sections and not illustrated here).
T hu s, in this contact guidance system, it is the actinotrichia (the collagen fibrils) that are used almost exclusively as the preferred substratum for movement. But in spite of this unequivocal observation, identification of the actual mechanism of guidance is problematical because several possibilities exist. First, the cells may simply be responding to topological cues; i.e. physical topology might constrain either the orientation of the cvtoskeleton (Dunn & Heath, 1976) or the orientation of focal/tractional contacts with the substratum (Ohara & Buck, 1979) . Second, the cells may be displaying a preferred adhesion to the collagenous actinotrichia; i.e.
differential adhesiveness of the substratum may determine cell shape and the orientation of the cells. Third, rather than actively seeking the actinotrichia as a migration substratum, the cells may simply be excluded from the inter-actinotrichial areas. Any one, or a combination, of these mechanisms might be operative. Fig. 2 . Diagram illustrating the early development of the pectoral fin fold: the plane of section is vertical and along the proximo-distal axis of the fin. As the fold develops, from what was originally a basal cleft in the ectoderm of the ridge, mesenchymal cells proceed to migrate into the space enclosed by the fin fold, in close association with the collagenous actinotrichia. Bar, 20,um. (From Wood & Thorogood (1984).) Before proceeding further and in order to place this analysis firmly on a quantitative basis, a morphometric survey was made applying computer-based image analysis techniques (Wood & Thorogood, unpublished) . Using the Ivontron IB A S 2 Image Analysis System, and transversely sectioned material from the same three 'significant' developmental stages, we have evaluated changes in four parameters (Fig. 5) . They are: (1) actinotrichial diameter ('D C R C L '); (2) width of the interactinotrichial spaces/grooves ('IN T E R S P A C E '); (3) distance between the two basal laminae of the dorsal and ventral ectoderms ('IN T E R F O L D '); and (4) distance between the actinotrichia of the dorsal and ventral arrays ('O P P -A C T '). Full details of this analysis and the data generated can be found elsewhere (Wood & Thorogood, unpublished) and here we will consider only the major conclusions emerging from analysis of two of these parameters: D C R C L and IN T E R S P A C E : (1) A progressive (2 ) T h e co n s ta n c y o f in te r-a c tin o tric h ia l sp ace w id th w ith tim e in d ica tes th a t sp acin g b etw ee n a c tin o tric h ia is n o t sig n ifica n t in e lic itin g ch a n g es in m e sen ch y m a l cell p h e n o ty p e and b eh a v io u r. (3 ) V ery h ig h rad iu s o f cu rv a tu re in th e su b stra tu m is avoided b y th e c e lls ; 8 7 % of the a c tin o tric h ia w ith ou t filopod ial a sso cia tio n s w ere d istrib u te d at th e low er end o f th e size range.
A ssu m in g th a t sm a lle r a c tin o tric h ia have an id en tical co m p o sitio n to la rg er on es, th e n th is last p o in t su g g ests th a t th e re is at least a top olog ical co m p o n e n t in the (Fig. 3) , nevertheless become aligned and display contact-guided movement in the absence of any chemical heterogeneity in the substratum (Wood, unpublished observations) . T h u s, the developing teleost fin provides a clear example of an in vivo unidirectional cell taxis. T h e guidance of the cells, eliciting a highly aligned phenotype and oriented movement, clearly arises from the ordered matrix through 402 P. Thorogood an d A. Wood which the cells migrate. Although the cells can be shown to be capable of responding in vitro to substratum topology alone, the precise roles of topology, differential adhesiveness and possible exclusion by matrix heterogeneity, remain to be clarified. An immunocytochemical analysis of matrix composition, currently in progress, offers the greatest potential for resolving this issue.
EPIBOLY: A REASSESSMENT OF CELL MOVEMENTS
Most teleost fish display what embryologists refer to as 'meroblastic' cleavage, i.e. the cleavage divisions are confined to a relatively yolk-free cytoplasm at the (animal) pole of the yolk-filled egg. T h e resultant cellular mass proceeds to grow out over that inert yolk mass from animal to vegetal pole, to produce a cellular blastoderm covering its entire surface. T h is phenomenon of overgrowth is termed 'epiboly' and it is within the blastoderm that morphogenesis of the embryo and the yolk sac takes place.
Upon closer examination of the blastoderm we find that it consists of three distinct cell layers. Innermost, against the yolk itself, is the yolk syncytial layer (Y S L ), a multinucleate layer, which is continuous at points with the yolk as a result of incomplete cleavage division. Outermost is a thin squamous epithelium, the enveloping layer (E L ), which around its margin forms a very strong adhesion to the outer aspect of the margin of the Y S L . Sandwiched between the two is a third cell population, the 'deep cells'. These constitute a layer several cells thick and the cells are characteristically large, rounded and mitotically very active. It is from the deep cells that the embryo proper and the yolk sac are derived.
T h e behaviour of individual deep cells has been the subject of intense scrutiny by Trinkaus and colleagues; the cells are known to move quickly at speeds of up to 10-15 ;Um m in-1 , and to display a variety of locomotory structures ranging from blebs and lobopodia to filopodia and lamellipodia (Trinkaus & Erickson, 1983) . However, in this discussion we are not addressing the question of individual deep cell movement but rather examining the coordinated movements of the deep cell population as a whole.
T o understand the mechanism of epiboly we must focus our attention on the prominent, growing margin of the blastoderm, the so-called 'germ ring' (Figs 6, 7) . 
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In a classic paper, Trinkaus (1951) demonstrated that the principal motive force arises from the Y S L , which contracts around the yolk mass, pulling the E L passively around with it; hence the strong adhesion of the latter to the former. Interestingly, the cells of the E L display considerable lateral movement, changing neighbours within the plane of the epithelium yet still maintaining epithelial integrity and a high resistance barrier to ion movement between the embryo and its environment (Keller & Trinkaus, 1987) . Although the deep cells are known to be highly motile, they appear not to provide any driving force underlying epiboly but, instead, simply move (vegetally) to occupy the increased space made available as the Y S L and E L epibolize (for a full account see Trinkaus, 1984) .
Regarding precise movements of the deep cells within the germ ring there seems to be a tacit agreement that no involution or internalization of the deep cell layer takes place (Ballard, 1966 (Ballard, , 1973 Trinkaus, 1984) . T hu s, although this phase is usually regarded as a homologue of gastrulation, there is thought to be no global re arrangement of deep cells to establish the germ layers, as typifies gastrulation in virtually all 'higher' vertebrates. Indeed, Ballard (1982) has claimed that the absence of involution within the germ ring of modern teleosts makes their embryonic morphogenesis qualitatively different from that of all other vertebrates. Here, therefore, we have an example of a morphogenetic movement with a pivotal position in an evolutionary discussion and assessment of phylogenetic relationships. It should be pointed out that this conclusion, regarding lack of cell internalization, was reached very largely as a result of vital staining of deep cells or marking their surface with fine chalk particles (Ballard, 1966 (Ballard, , 1973 . Given the inherent transparency of the system it seemed appropriate to use Nomarski D IC and time-lapse techniques and we have now analysed deep cell behaviour within the germ ring, viewing the structure both 'en fa c e ' and in 'profile', using embryos of the Rosy Barb, B arbu s conchonius (Wood & Tim m erm ans, unpublished).
T h e en f a c e view is that obtained by observing the embryo along an axis perpendicular to its surface at any selected point around the germ ring, and focusing through the E L onto the deep cells (Fig. 8) . T L C reveals several important points. First, advance of the germ ring is very rapid; during the first half of epiboly it moves towards the vegetal pole at speeds in excess of 200 /im h"1 and the whole of epiboly, around an egg of about 1-0 mm diameter, is completed within 4 h . Second, and of great importance, tracking of individual cells on an analytical projector demonstrates that a proportion of the cells at the margin of the deep cell layer itself progressively disappear or, rather, sink out of view as epiboly progresses. T h is occurs at a remarkably fast rate and in the sequence shown in Fig. 9 , during a period of 7-5 min, the cells comprising the advancing 'edge' are replaced by more proximal neighbours several times. Whether or not all cells at the advancing edge are displaced in the same way throughout epiboly has not be ascertained, but the first half of this morpho genetic stage is characterized by a significantly high proportion of deep cells moving inwards and out of the plane of focus.
T h e critical question is what happens to the deep cells and this can be answered by viewing the living cells in profile, again by D IC . By focussing along a latitudinal line coincident with the germ ring itself, one can observe the germ ring in optical section Fig. 13 . Diagram made from T L C , of a field containing notochord/paraxial mesen chyme interface, as in Fig. f 1 (arrowheads indicate the emerging clefts between the two tissues). Note how, over a 25-min period, the cell with a hatched nucleus, which initially lies in the cleft, intercalates between cells 3 and 4 and becomes a part of the notochord. Bar, 20, um. and view the structure in profile (not illustrated but identical in aspect to the histological section shown in Fig. 8 ). T h e degree of resolution is not as fine as that obtained viewing en f a c e , when focussing only through the E L , because in this instance one is focussing through a number of cells lying along that particular line of latitude, but nevertheless sufficient detail can be obtained, enabling one to follow individual deep cells by tracing paths of nuclear displacement.
Viewing of T L C or T L V reveals an apparent 'rolling in' motion of the superficial deep cells at the germ ring as epiboly takes place. It is difficult to follow a single cell continuously over a long period from this aspect but, by collating the movement of a number of individual cells from different points in the field, an unambiguous behavioural pattern emerges. Fig. 10 illustrates a typical field filmed over a period of 30 min. At the more superficial loci, deep cells translocate towards the vegetal pole at a rate of approximately 350 jttmh-1 and these cells are the counterparts of those displayed in Figs 8 and 9 , i.e. that disappear or sink out of en fa c e view as epiboly progresses.
At the distal margin of the deep cell layer, subjacent to the point of attachment of the E L to the Y S L , the cells roll under their more proximal neighbours and are displaced below the superficial deep cells, i.e. against the Y S L . Once displaced in this way, the movement or translocation of individual cells is considerably reduced and may, in some cases, be temporarily arrested. Deep cells that have been 'internalized' in this way are continuously replaced at the margin of the deep cell layer by other superficial deep cells, as seen in the en fa c e analysis earlier. T h e behaviour of the deep cell layer within the germ ring is rather like the motion of an escalator, continuously rolling in at its margin. As it does so cells are deposited on the Y S L as epiboly progresses; meanwhile, the margin itself, although its cellular composition is constantly turning over, moves globally towards the vegetal pole.
T h ree further features should be mentioned. First, the 'rolling in ' motion, or involution, of the deep cell margin is at its most dramatic during early to mid-epiboly and less apparent during the later stages. Second, it occurs around the entire circumference of the germ ring and is not confined to any one point, which might presage the point of embryonic axis formation; whether or not the process varies significantly in rate around the germ ring circumference has not yet been ascertained but no major difference in rate has been detected to date. T hird, this analysis does not address the nature of the motive force behind deep cell involution; the respective roles of active cell migration, passive cell displacement or even 'trapping' on the Y S L , can only be the subject of speculation at this stage.
T h e unambiguous conclusion emerging from this analysis is that, contrary to previous reports, involution does occur at the germ ring during epiboly of teleost embryos (Wood & Tim m erm ans, unpublished) . Therefore, modern teleosts, like other vertebrates, do display a phase of cell internalization during early development. 
P. Thorogood and A. Wood
Apart from leading to a re-appraisal of events during epiboly, this conclusion illustrates clearly the limitations that are inherent in using traditional means of cell marking, and which, in transparent systems, can be overcome using D IC coupled with time-lapse techniques.
NOTOCHORD FORMATION AND SOMITOGENESIS : CELL BEHAVIOUR CAN BE MONITORED DURING THE ESTABLISHMENT OF THE VERTEBRATE BODY PLAN
Shortly after epiboly is completed embryonic axis formation starts. T h e notochord can be recognized first and is distinguished initially by the two longitudinal clefts indicating the interface between presumptive notochord and paraxial mesenchyme (Fig . 11) . Shortly afterwards the first, i.e. most anterior, somite pairs are formed and thereafter somite pairs are added sequentially in an anterio-posterior direction. T h e rate of somitogenesis is temperature dependent and, at 25 °C, one somite pair is added every 2 0 -2 5 min. Thus, quite rapidly the embryo displays multiple somite pairs and other aspects of organogenesis, such as neural tube formation and craniofacial morphogenesis, begin. By focussing down through overlying tissue, Nomarski D IC images such as those shown in Figs 11 and 12 can be obtained and a particular dorsi-ventral plane of optical section selected; using time-lapse techniques it is possible to follow individual cells during notochord formation and somitogen esis. T h u s, we have been able for the first time, to monitor and analyse individual cell behaviour during establishment of the axial and segmental pattern in an intact embryo (Wood & Thorogood, unpublished) .
Given the current interest in these events there are many questions to be studied; however, we shall focus on just two aspects. First, what kind of cell behaviour underlies the formation of the notochord? How is it formed initially and how does it subsequently transform from the organization shown in Fig. 11 to the characteristic 'stack of coins ' (K eller et al. 1985) appearance shown in Fig. 12 ? From work on tissue explants of amphibian chordamesoderm, Keller has defined two possibilities. On the one hand, cells may actively insert or in tercalate between neighbours with a net movement at right angles to the longitudinal axis of the notochord. On the other hand, cells may (less 'aggressively') move into extracellular spaces previously opened up by neighbouring cells moving apart along the anterio-posterior axis, i.e. presumptive notochord cells converge towards the midline moving into extracellular domains opened up by extension of the anterio-posterior axis (see fig. 9 of Keller et al. 1985) . W hichever strategy the cells adopt, the end point is the same: cells aligned parallel to one another and at right angles to the anterio-posterior axis.
Fram e-by-fram e analysis of T L C has enabled us to resolve these questions. Fig. 13 shows four frames from a typical sequence of an embryo at a slightly earlier stage to that shown in Fig. 11 . T h e notochord/paraxial mesenchyme interface is only just becoming apparent as the clefts around the notochord coalesce. During the 25 min of the sequence, the cell identified with the hatched nucleus moves from an indetermi nate position at the interface to deep within the notochord itself. Whereas the interface clefts appear to open up by de-adhesion between notochordal and paraxial mesenchyme cells, no comparable de-adhesion can be identified between noto chordal cells. T hu s, no pre-existing spaces can be identified between cells 3 and 4 and, in fact, the identified cell intercalates between them by an active insertion (the dynamic nature of which is best conveyed by viewing the films). Our conclusion to the first question is, therefore, that during the formation of the early notochord within an intact embryo, cells do intercalate to establish the notochordal primordium. T h e stack of coins morphology arises subsequently, due to a continued intercalation supplemented by cell elongation and aligned cells sliding past one another (Wood & Thorogood, unpublished) .
T h e second question concerns somitogenesis and the extent of cell re-arrange ments during somite formation. T h is is of interest because the mechanisms by which segments are specified and segmental patterns are established are unknown; for instance, in what manner do intersomitic clefts form? Since Remak's (1855) observation that the sclerotome re-segments during the formation of the vertebral bodies, there have been a number of reports of apparent differences between the rostral and caudal halves of individual somites. Recently it has been shown that, in the avian embryo, neural crest cells and motor axons migrate through rostral but not caudal portions of somites and that only caudal but not rostral portions stain with peanut agglutinin (Stern et al. 1986) . Furthermore, by transplantation of half somites to orthotopic and heterotopic sites to produce compound somites along the axis, it can be shown that sclerotome cells from like somite halves will mix, but when unlike somite halves are juxtaposed no cell mixing is seen (Stern & Keynes, 1987) . It has been suggested by these authors that rostrocaudal differences within intact somites have a role in the establishment and maintenance of tissue organization during sclerotome re-segmentation and the concomitant patterning of vertebrate, axonal outgrowth, ganglion formation and vasculature.
Such observations have fuelled speculation that the subdivision of somites may reflect compartmentalization of somites and that segmentation in vertebrates might parallel segmentation in other metamerically patterned organisms, such as D ros ophila (Stern & Keynes, 1986) . Is there any justification for the proposal that there might be a compartment boundary between rostral and caudal halves of somites, or at least within the sclerotomes? Such a compartment boundary, if it exists and if it is comparable with possible counterparts in D rosophila, will form because cells in adjacent compartments are unable to mix freely ('adjacent compartments' in this sense means the rostral and caudal halves of each sclerotome). Using D IC , we can observe not only somites as they form but also, using frame-by-frame analysis, monitor cell rearrangements using nuclei as reference points. Fig. 14 illustrates one typical sequence during the formation of the three most anterior somites and at the plane at which the sclerotome will form.
One of the most striking results to emerge from our analysis to date is that relative cell position within the paraxial mesenchyme remains remarkably constant during formation of somites and inter-somitic clefts. In other words, there is virtually no cell mixing. During the net medial movement of paraxial tissues as the notochord differentiates, a very small minority of cells do move, or are displaced relative to their Fig. 14) , but whether this rare event has any significance or is just developmental 'noise' is not clear at present. Intersomitic clefts, like those formed earlier between presumptive notochord and paraxial mesenchyme, appear as lines of apparent de-adhesion between cells, initially quite irregular in form but gradually becoming more precisely defined. W ithin the future sclerotome region, these clefts form in a latero-m edial fashion. Two further points emerge from such analysis. First, soon after their formation, somites are displaced anteriorly relative to the notochord, to the extent of approximately half a somite. Second, the most anterior pair of somites is a transient structure, disappearing at approximately the 8 -1 0 somite stage.
T h e lack of detectable cell mixing across any putative compartment boundary between rostral and caudal halves of individual somites could be interpreted as supporting evidence for compartmentalization; however, it more probably reflects the g en era l absence of cell re-arrangements during somitogenesis in the teleost embryo (Wood & Thorogood, unpublished) . Whether this is a general feature of vertebrate somitogenesis is not clear, but it may be a consequence of the relatively small number of cells comprising a newly formed somite in the teleost embryo (when compared with somites in higher vertebrates).
CONCLUSION
W ithin the constraints of space we have chosen to review, briefly and with barest of experimental detail, the range of morphogenetic systems that can be studied directly in vivo in teleost embryos. T h e results described are phenomenological, correlating cell behaviour with key morphogenetic events. It is our contention that such 'baseline' information is a necessary prerequisite to the formulation of hypotheses (and their experimental testing) regarding the nature of the underlying molecular mechanisms.
